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SUMMARY 
The sharp fluctuations in beef cattle and hog prices 
that have occurred since the end of World War II were 
partly the result of changes in the quantities of live-
stock produced. Other factors were present which also 
affected the level and pattern of livestock and meat 
prices. Disposable personal income per capita increased 
about 20 percent in real dollars during the lO-year 
period, 1947-56. A gradual shift in demand from pork 
to beef persisted throughout this period. Marketing 
costs increased sharply. Finally, the market structure 
was in the process of change and adaptation to the in-
creasing demands for "built-in" maid services and other 
marketing innovations. These changing economic factors 
affect the accuracy of livestock price forecasts. 
In this study, alternative methods of forecasting 
changes in beef and pork prices were derived from 
quarterly data covering the 32-quarter period, 1949 
through 1956. The alternative forecasting equations 
were used to obtain several sets of predicted prices for 
each of the three major market levels-primary, whole-
sale and retail. Comparisons of the reported and pre-
dicted prices provided a test of predictive accuracy. 
Two different models of market relationships were 
used in the study. First, the dressed, or wholesale, meat 
market was considered as the critical pricing level where 
prices adjusted to predetermined levels of beef and pork 
quantities and to consumer incomes and tastes. One set 
of estimates of the wholesale price-quantity relationships 
showed that a + 1 pound change in the per capita 
wholesale quantity of beef~where wholesale quantity 
was equivalent to commercial quantity less the net 
change in cold storage holdings during the quarter-
was associated with a -3.9 cent change in wholesale 
beef price and a -1.4 cent change in wholesale pork 
price. (All prices were adjusted by the Consumers' 
Price Index to constant 1947-49 dollars.) A + 1 pound 
change in the per capita wholesale quantity of pork was 
associated with a -4.3 cent change in wholesale pork 
price and a -1.1 cent change in wholesale beef price. 
Estimates of the income effects on wholesale price based 
on survey data were used in the forecasting equations 
(0.050 and 0.133, respectively, for beefand pork). The 
computed income effect on pork price probably over-
estimated the actual income effect, hence the inverse 
pork price-quantity relationships probably were under-
estimated. Exclusion of the income effect as an ex-
planatory variable in the pork price equation resulted 
in larger estimates of the inverse effects of changes in 
wholesale quantities. A + 1 pound change in per capita 
wholesale pork and beef quantities was associated with 
a -4.6 cent and a -1.8 cent change, respectively, in the 
wholesale pork price. In comparison, the beef price-
quantity estimates differed only slightly. 
The alternative model of market relationships involved 
the national retail market as the critical pricing level. 
The wholesale and primary markets presumably ad-
justed to the quarterly changes in retail prices, given the 
retailing and wholesaling margins. Retail prices were 
established with reference to the consumer demand 
structure and the average quarterly levels of beef, pork 
and poultry prices, and consumer income and tastes. A 
+ 1 pound change in per capita beef consumption was 
associated with a -4.0 cent change in retail beef price 
and a -1.4 cent change in retail pork price. A + 1 
pound change in per capita pork consumption was as-
sociated with a -5.6 cent change in retail pork price 
and a -1.6 cent change in retail beef price. 
Price reaction coefficients were derived with reference 
to the w!,lOlesale market level. First, however, the aver-
age quarterly wholesale prices were estimated using one 
of the wholesale price equations. Retail and live prices 
then were related to both the reported and the estimated 
wholesale price. The findings show that a 1 cent change 
in the reported wholesale beef price was associated with 
a 1 cent change in the average retail beef price and a 
0.7 cent change in the average beef cattle price. A 1 
cent change in the reported wholesale pork price, how-
ever, was associated with a 0.9 cent change in the aver-
age retail pork price and a 0.6 cent change in the aver-
age hog price. The retail and wholesale prices were on 
a carcass weight basis, while the live prices were on a 
liveweight basis. The price reaction coefficients differed 
slightly using estimated wholesale prices. In addition, 
each of the price equations included a fixed component. 
Finally, the wholesale-retail price relationships were in-
verted when used in estimating wholesale prices from 
the estimated retail prices (according to the alternative 
model of market performance). 
The price reaction equations were transformed into 
margin equations to estimate the live, wholesale or re-
tail prices, given the estimates of the wholesale or the 
retail prices. The retailing beef margin, on a carcass 
weight basis, included a fixed component of to.7 cents 
and a variable component based on the wholesale price. 
A + 10 cent change in the estimated wholesale beef price 
was associated with a +0.3 cent change in the beef price 
markup per pound carcass weight. The retail pork 
markup included a fixed component of 13 cents and 
a variable component showing a + 10 cent change in 
the estimated wholesale pork price associated with a 
-2.2 cent change in the retail markup. Thus, the fixed 
component, in constant 1947-49 dollars, comprised the 
major part of the total retail markup on beef and pork 
prices. ' 
The two wholesaling margins also inclUded both fixed 
and variable components. The wholesale margin per 
pound liveweight of beef cattle and hogs included fixed 
components of 3.3 cents and 3.5 cents j respectively. In 
addition, a + to cent change in the beef cattle price 
was associated with a -1.1 cent change in the wholesale· 
beef margin on a liveweight basis. A + to cent change 
in the average hog price was associated with a -2.2 
cent change in the estimated wholesale pork margin. 
The wholesale beef and pork margins on a liveweight 
basis were 59 percent and 47.37 percent, respectively, 
of the values on a carcass weight basis. Moreover, the 
magnitude of the wholesaling margin depended on the 
level of the live price. The latter was affected by changes 
in the rates of marketing beef cattle and hogs and in the 
levels of beef and pork cold storage holdings. 
The price relationships for beef and pork were com-
puted to show the vertical demand elasticities-the per-
centage change in quantity associated with a + 1 per-
cent change in price-at each of the three market levels. 
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The computed price elasticity coefficients for beef and 
pork, respectively, were -0.7 and -0.6 at the wholesale 
level; these were compared with the estimated own-
price elasticities of -0.8 and -0.6 at the consumer level 
and -0.6 and -0.4 at the primary market level. 
Annual trend and quarterly, or seasonal, effects also 
were estimated for each market level. The annual trend 
effects were confounded with the income effects-a pos-
itive income effect with respect to beef and pork prices. 
Finally, sets of three beef and three pork prediction 
equations were used to forecast prices at each of the 
three levels in the marketing system. The initial set 
of beef cattle and beef price equations for live, whole-
sale and retail market levels yielded forecasts for se-
lected quarters in 1957 with standard errors of 2.8 cents, 
or less, where the forecast prices were in cents per pound, 
in 1947-49 money equivalents, and the quantities were 
in pounds per capita. The initial set of hog and pork 
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price equations yielded forecasts for the same quarters 
in 1957 with standard errors of 2.2 cents, or less. The 
forecasts of retail prices, given the wholesale prices, were 
more precise, but their precision depended on the pre-
cision of the wholesale price forecasts. Live prices also 
were forecast more precisely than wholesale prices. The 
largest standard errors of forecast were obtained at the 
wholesale market level, which, however, involved higher 
values per pound than at the primary market level. 
Each of the price forecasts was improved with the more 
complete forecasting equations. 
All price forecasts were dependent upon precise fore-
casts of per capita commercial production and the net 
quarter-to-quarter change in cold· storage holdings of 
beef and pork. Given the expected changes in beef and 
pork quantities, wholesale prices of beef and pork were 
forecast with standard errors of 4 to 5 percent of the 
average 1949-56 wholesale beef and pork prices. 
Forecasting Beef Cattle and Hog Prices 
by Quarter-Years' 
BY WILBUR R. MAKI 
Forecasts of changes in the market demand for live-
stock and meat are important to livestock producers and 
livestock marketing agencies. The retail prices at which 
given supplies of meat will move from the retailer to 
the consumer depend not only upon the quantity and 
form of these supplies, but also upon the prices of other 
goods and services, the disposable income of consumers 
and the pattern of consumer tastes. The prices paid for 
livestock at the primary markets are related to whole-
sale mf;at prices and, ultimately, to retail prices. Thus, 
forecasts of livestock prices at the primary market, or 
farm level, depend upon forecasts of the consumer de-
mand for meat and of the price spreads between differ-
ent market levels. 
OBJECTIVES 
The primary objective of this study was to estimate 
demand and price relationships for beef and pork as 
a basis for forecasting short-term, or quarterly, changes 
in beef cattle and hog prices. The ability to forecast 
changes in beef cattle and hog prices provided a test 
for the model of market performance used in this study. 
Quarterly data were used. to estimate demand and 
price relationships for the 32-quarter period, 1949-56. 
Moreover, the quarterly estimates of the market rela-
tionships were used with more recent estimates of quar-
terly prices and quarterly rates of production and con-
sumption to forecast short-term changes in beef and 
pork prices. Specifically, the statistical method of least 
squares was used to estimate three sets of market rela-
tionships-the wholesale, the retail and the primary 
market levels. 
ANALYTICAL APPROACH 
The marketing system was conceived as a mechanism 
to adjust prices to changes in the quantity of production 
and the quantity of consumption. Obviously, the quan-
tity of beef and pork consumed was equal to the quan-
tity produced, less net exports and net changes in in-
ventories. Therefore, the quantity consumed could be 
expressed as a function of quantity produced. This study, 
I Project 1367 01 the Iowa Agricultural and Home Eronomic. Experiment 
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however, was addressed to the problem of estimating the 
market demand and, ultimately, the prices for beef 
cattle and hogs. Therefore, the first step in this study 
was the specification of a set of market relationships to 
describe short-term price behavior in the marketing of 
beef cattle and hogs. 
MARKET RELATIONSHIPS 
The behavior of beef and pork prices at different 
levels in the marketing system may be related to changes 
in the production of beef cattle and hogs (6, p. 107-118). 
The rate of production, or commercial slaughter, of beef 
cattle and hogs depends on the livestock numbers on 
farms, weight-age composition of these numbers, stocks 
of grain, pasture conditions, relative prices of feed and 
livestock and other factors (2, 4, 6). Given the esti-
mates of quarterly commercial slaughter, however, the 
end-of-quarter inventories of beef and pork in cold 
storage could be estimated. 
The inventory prediction equation was the first in 
the series of equations used to forecast prices at different 
market levels on the basis of the 1949-56 market price 
relationships. Once inventory levels were established for 
the quarterly time periods, wholesale production was 
presumed identical to commercial production, less the 
net change in inventory levels. 
Next, the wholesale price relationships were estimated, 
and the equations were used to predict quarterly whole-
sale prices, given the wholesale quantities of beef and 
pork, consumer income and tastes. The wholesale price 
relationships were derived in terms of both reported 
and estimated prices and quantities. Underlying the 
estimation procedures was the assumption that a series 
of unilateral relationships existed between the whole-
sale prices and the wholesale quantities; i.e., during any 
3-month period, changes in wholesale quantities led to 
changes in wholesale prices, but changes in wholesale 
quantities resulted from changes in commercial pro-
duction and in expected inventory levels.2 
The wholesale price relation depicted an identical 
'The wholesale quantity 01 beef or pork was defined as the quantity 01 
commercial production, less the net change in cold storage holds during 
the quarter. If commercial production equaled civilian consumption, then 
the wholesale quantity also would be equivalent. Historically, however, 
farm slaughter. military purchases and net ,xports have contributed to 
a small numerical difference botlveen wholesale quantity and civilian COn. 
suml)tion. 
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price-quantity relationship for both the production and 
Inventory components of the whole quantity variables. 
:rhus, a n.et in~rease in inventory was associated with an 
Increase. m . pr!ce. W~en inventories were liquidated, 
the declIne I~ InventOrIes depressed the wholesale price. 
It made no dIfference as to the source of the commodity 
!low-whether current production or cold storage hold-
mgs-on the effect that a change in the quantity of 
beef or pork would have on the wholesale price of beef 
or pork. 
Changes in retail prices were visualized as dependent 
upon changes in wholesale prices and the effects of 
trend. and seasonality. Meat retailing was characterized 
by prIce markups that were affected by gradual and re-
current, or seasonal, changes over time. 
Finally, primary market prices were related to whole-
sale p~ices. Pr~limi~ary investigations of empirical price-
quantity relationshIps at the primary marketing level 
showed that changes in live prices were related to 
changes in '~holesale pr~ces and to changes in quantities 
of commercial production. Live and wholesale prices 
were rcl~te~ to ~hanges in wholesale quantities, but 
changes In bve pnce were related to chanues in whole-
sale price and live quantity. Changes in live quantity 
and changes in inventory levels together were related 
by definition to changes in wholesale quantity.~ 
!he operation of the livestock-meat economy was de-
scnbed further by a series of single equations showinu 
the effects of changes in selected explanatory variable~ 
on. the level of ~old storage holdings and of market 
pnces. In generalIzed form the functional relationships 
were as follows: 
Beef inventory-
Pork inventory-
H2t-H~t-4 = F2(H2t-l-H2t-ii, Q,t-Q'I-.I, P.H-t-PH-r" 
W*I' Wl"d (2) 
Beef cattle price-
F (Pat Qlt Q1t-l W* 
3 P , M 'M ' I, 
t t 1-1 
(3) 
P21 = F(P41 Q2t Q2t-1 * 
P 4 P , M 'M ,W t, Itt 1-1 
(4) 
Beef wholesale price-
P~I= F .. (Q8t Q4t ~ W* 
PI·: M t ' M t ' MtP t ' I, 
(5) 
Pork wholesale, price-
P 4t = FG(Q3t Q4t ~ ) 
P '" W*t, wrt 
.t M t M t MIPt 
(6) 
3Fotmulation of pdcrs at the primary markets involves the activities of 
ma~y different agencies and numerous pricing practices. Meat packing 
\'us1Ocs.e., for .example, would take into account the expected marginal 
m't lind margInal n·venue at the various level. of operation (I). 
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Beef retail price-
Pat (Pat V t Yt 
-p;= F7 P:'"' T' MtP t ' W~'t, (7) 
Pork retail pricc-
PGI = Fs(P4t VI ~ W* WI") 
PI P t ' PI' MIP t ' " t 
(8) 
Hlt is the beef quantity, in millions of pounds, in cold 
storage holdings in the United States at the end 
of the t'h quarter (11). 
H2t is the pork quantity, in millions of pounds, in cold 
storage holdings in the United States at the end 
of the t th quarter (11). 
M t is. the total population of the United States, cor-
~ected .for underenumeration, in millions of persons, 
mcludIng the Armed Forces, during the tlh quarter 
(14) . 
Ntis :he total domestic civilian population of the 
Umted States, corrccted for underenurncration in 
. millions of persons, during the ttll quarter (4). 
PI IS the average Consumers' Price Index 1947-49 = 
100, during the tth quarter (13). ' 
Ptt is the average primary market price, in cents per 
pound liveweight, of U.S. Choice grade cattle at 
23 major public stockyards in the United States 
during the ttll quarter (8, 12). 
P2t is the average primary market price, in ccnts per 
pound liveweight, of 200 to 220 pound barrows and 
. gilts at Chicago during the ttll quarter (9, 12). 
P3t IS the average wholesale price, in cents per pound 
c;arcass weight, of U.S. Choice grade beef at the 
New York, Chicago, Los Angeles, San Francisco 
and Seattle dressed meat markets during the till 
quarter (8, 12). 
PH ,is the average wholesale value, in cents per pound 
c~rcass weight, of pork in Chicago computed from 
Livestock Markct News and National Provisioner 
. price quotations during the tth quarter (9, 11). 
P~d IS t~e average retail price, in cents per pound carcass 
wCIght, of U.S. Choice grade beef in the Unitcd 
States during the tIll quarter (8, 11). 
Plot is the average retail price, in cents per pound carcass 
weight, of pork in the United States during the ttll 
quarter (9, 11). 
P7t is the average retail price, in cents per pound retail 
weight, of fryers in the United States durinO" the 
tth quartcr (10, 11). b 
QIt is the total commercial production of bcef, in mil-
lions of pounds carcass weight, in the United 
States during the till quarter (11). 
Q21 is. the total commercial pr?duction of pork, in mil-
hons of pounds carcass weight, in the United States 
during the tth quarter (11). 
Q3t is the total wholesale quantity of beef, in millions 
of pounds carcass weight, in the United States· 
i.e., Qat - (Htt - H t-l ) , during the ttll quarter. ' 
Q4t is the total wholesale quantity of pork, in millions 
of pounds carcass weight, in the United States· 
i.e., Qu = Q2t -(H~, - H 21- 1 ), during the ttt. 
quarter, 
Q',;t is the per capita civilian consumption of beef, in 
pounds carcass weight, in the United States during 
the ttl! quarter (11). 
Q'et is the per capita civilian consumption of pork, in 
pounds carcass weight, in the United States during 
the ttl! quarter (11). 
V t is the index of the ratio of total payroll to the total 
sales of food stores, 1947-49 = 100, for the United 
States during the ttl! quarter (12). 
W* t is the linear trend term denoting successive quarters 
of a series where t= 1, 2, ... , 32, starting with 
the first quarter, 1949. . 
Wr t is the term denoting the average recurrent seasonal 
effects on the levels of cold storage holdings or 
prices, where t= 1, 5, ... , 29 for r= 1, which de-
notes the first quarter, t=2, 6, ... , 30 for r=2, 
which denotes the second quarter, t=3, 7, ... , 
31 for r=3, which denotes the third quarter, and 
t=4, 8, ... , 32 for r=4, which denotes the fourth 
quarter. The W t value is 1 for the rth quarter 
and 0 for all other quarters. 
Yt is the total disposable personal income at seasonally 
adjusted annual rates for the United States during 
the ttl! quarter (12). 
Y t is the 4-quarter moving average of Yt, where the 
values for the current and the preceding three 
quarters were included in the moving average es-
timate. 
Stochastic, rather than functional, relationships were 
needed to forecast quarterly price changes. Only the 
most important of the many factors affecting the de-
pendent variable in each of the functional relationships 
were known. The effects of other factors were unknown 
but were represented by the error term in the stochastic 
expressions of each of the functional relationships. 
Hence, stochastically, the wholesale price relations, equa-
tions 5 and 6, for example, were denoted by, 
P'3t = a6 + b51Q/3t + b52Q'4t + b53Y't + b .. W*t 
+ b55Wl t + b5BW2 t + b57W3t + b 3sW\ + U5t (9) 
P'4t = an + b61Q'at + b62Q/4t + bo3Y't + b o4W*t 
+ b6SW\ + bGoW2t + b67W\ + b 6sW4 t + Unt, (10) 
where the deflated prices and quantities were shown 
by the superscript (') and where each of the quarterly 
effects were shown as separate variables. Thus, ~he de-
flated wholesale prices P'a and p/4 were equal to the 
sums of the estimated relationships times the values of 
the respective variable-quantity, income or time varia-
bles-pIus the unexplained error terms U5 and Ue. More-
over, if certain statistical conditions were fulfilled, the 
behavior of the unexplained error term could be de-
scribed on the average over repeated samples. There-
fore, the wholesale prices could be estimated, subject 
to the variability of U5 or Un. The estimated price would 
be equivalent to the actual price less the respective er-
ror term. 
An arithmetic, rather than a logarithmic, form was 
used (3, p. 37). Hence, the estimated wholesale price 
relationshjps denote the b1j cents change in P/it (i=2, 
2; j=l, .;., 8), associated with a I-pound, a I-dollar, 
or a I-quarter change in an explanatory variable. An 
arithmetic form for the market relationships was se-
lected because it was believed to represent adequately 
the likely behavior patterns of marketing firms at each 
of the three levels in the livestock marketing system 
with respect to changes in the major price determinants. 
Two criteria were used to formulate the stochastic 
inventory and price relationships: (1) the occurrence, 
or direction, of dependence among the variables speci-
fied in the relationships and (2) the degree of correla-
tion between the error term and the explanatory vari-
ables, or the error term in another equation used to 
estimate an explanatory variable. Each of the explana-
tory variables was predetermined. Their values were 
fixed with respect to the estimation of the price variable. 
Hence, it was necessary to assume that the wholesale 
prices were established with reference to known values 
of each of the explanatory variables. The wholesale 
quantities of beef and of pork and the level of dispos-
able personal income, if estimated, were presumed esti-
mated with certainty, or without bias (3, p. (4). Ac-
tually, the errors of estimation, with respect to whole-
sale quantities and income, were present, though prob-
ably of relatively small magnitude. Even though beef 
cattle and hog producers reacted to changes in live 
prices during the quarter, and live prices were related 
to wholesale prices, wholesale quantities were estimated 
with reference to the probable levels of production, 
prices and inventories. Hence, a set of unilateral re-
lationships probably did exist between quarterly whole-
sale quantities and the quarterly wholesale prices. 
Generally a high degree of correlation occurred among 
the quarterly values of different classes of livestock pro-
duction and meat inventories because of the intertempo-
ral pattern of livestock production and meat consumption 
in the United States. The use of a set of highly inter-
correlated variables explaining changes in market prices 
presented difficulties in the estimation of the market 
relationships. Current values of commercial production 
and of cold storage holdings, for example, could not be 
used in the same equation. Therefore, the selection of 
variables involved some consideration of their intercor-
relation. 
The second criterion involved some notion of the 
probable behavior of the unexplained error term based 
on available knowledge regarding the explanatory fac· 
tors that were not included explicitly. The statistical as-
sumption of a normally and independently distributed 
error term underlying the use of confidence statements 
based on the least squares method of estimation would 
require error terms that were uncorrelated with each 
other or with the explanatory variables. 
Given the estimates of commercial production, whole-
sale quantity, farm slaughter, military disappearance and 
net exports, the estimation of market prices was pre-
scribed by two alternative models of market perform-
ance. First, the wholesale market was conceived as the 
critical level in price determination. Wholesale prices 
were established with reference to the average per capita 
wholesale quantities of beef and of pork, the average 
per capita disposable personal income and the pattern 
of tastes. Quarter-to-quarter changes in wholesale 
prices, associated with quarterly changes in the explana-
tory variables, were presumed followed immediately by 
quarter-to-quarter changes in live and retail prices. 
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Hence, the average value of the attempted markup at 
the retail level and at the wholesale level established the 
average retail and average live prices, given the average 
wholesale price. 
The second approach visualized a less sophisticated 
role for the wholesale markets in price determination 
( 4 ) . Wholesale price changes merely followed retail 
price changes. Retail prices were established with refer-
ence to the per capita civilian consumption of beef and 
of pork. Live prices again were determined by the level 
of wholesale prices and the wholesale markup. 
ESTIMATION PROCEDURES 
The statistical series needed to estimate the market 
relationships for purposes of forecasting quarterly 
changes in beef cattle and hog prices were prescribed in 
the functional description of the livestock and meat 
markets. Many of the series, however, were available on 
a quarterly basis only since the first quarter of 1949. 
At the time the study was initiated, data were available 
for the 32-quarter period, 1949-56. Subsequently, ad-
ditional statistical series became available and were used 
to test the accuracy of the price forecast based on the 
average 1949-56 market price relationships. 
Several price series were available for each of the 
two commodities-beef cattle and hogs-at each of the 
three major market levels. Live prices, for example, 
would or would not include the value of the items which 
were sold in the form of by-products. The average 
wholesale price also would or would not include the 
value of the by-products. Some retail price series would 
not include inedible by-products, but they would include 
some minor cuts of meat which might be classified as 
by-products. 
The three beef price series and the two beef margin 
series used in this study were related to each other as 
follows: First, retail and wholesale prices were described 
in cents per pound carcass weight based on average 
yield of retail cuts of 80 percent of carcass weight, where 
( 1) retail value denotes the average of prices of indi-
vidual cuts of U. S. Choice grade beef collected national-
ly by the United States Bureau of Labor Statistics, (2) 
wholesale value denotes the average of wholesale prices 
of U. S. Choice grade beef at five major dressed meat 
markets in the United States and (3) retailing margin, 
or the retail-to-wholesale price spread, denotes the dif-
ference between the retail value and the wholesale price 
per pound of U. S. Choice grade beef. Second, the two 
series of live prices were described in terms of value in 
cents per pound liveweight based on an average carcass 
yield of 59 percent of liveweight, where (1) live price 
denotes the average of prices of U. S. Choice grade 
cattle at 24 major public stockyards in the United States, 
(2) by-product credit denotes the average value of beef 
steer by-products, primarily the value of hide, (3) live 
value of carcass equivalent denotes the wholesale value 
in item 2 above multiplied by 0.59 and (4) live-to-whole-
sale price spread denotes the difference between the live 
price and live value of carcass equivalent per pound of 
U. S. Choice grade cattle plus the by-product credit.4 
The price series for beef were summarized to show 
their quarterly pattern for the 8 quarters extending be-
yond the period of analysis (table 1). The wholesaling 
and retailing margins can be derived from the summary 
data. 
The three pork price series and the two pork margin 
series represented the major components of the price 
structure for hogs and pork. The series were related 
to each other as follows: First, retail and wholesale price 
series for pork were described in terms of value in cents 
per pound based on an average yield of 1 pound of the 
seven major cuts (ham, bacon, loin, picnic, butt, spare-
ribs and bacon square) from about 2.13 pounds of live-
weight, where (1) retail value denotes the average of 
prices of individual cuts of pork collected nationally 
by the U.S. Bureau of Labor Statistics, (2) wholesale 
value denotes the avera~e wholesale value per pound 
of wholesale pork at Chicago computed from Livestock 
Market News and National Provisioner price quotations 
of individual cuts and (3) retail-to-wholesaleprice 
spread denotes the difference between the retail value 
and the wholesale value per pound of the seven rna ior 
cuts. Second, the two live price series were described 
in terms of value in cents per pound liveweight based on 
an average yield of 0.4737 pound of the seven wholesale 
cuts per pound liveweight, where (1) live price denotes 
the average price per pound of 200-220 pound barrows 
and gilts at Chica~o, (2) by-product credit denotes the 
avera~e value of hog by-products, largely the value of 
0.1502 pound of lard and of 0.0862 pound of other 
edible pork items per pound of livewei~ht. (3) live 
value of seven maior cuts denotes the wholesale value of 
0.4737 pound of the seven major cuts and (4) live-to-
wholesale price spread denotes the difference between 
the live price and the live value of the seven wholesale 
'Carcass yields cited in this discussion We,'e used by the United States 
Department of A~riculture in the construction of the price series reported 
in "The Marketing and Transportation Situation" (12). 
TABLE 1. AVERAGE U. S. CHOICE GRADE BEEF PRICES PER POUND, IN CONSTANT 194749 DOLLARS. AT THE RETAIL, WHOLESALE 
AND PRIMARY MARKET LEVELS, BY QUARTER-YEARS, 1957-58. . 
Yea,' and 
quarter-year 
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Retail 
value 
(cents) 
Wholesale 
value 
(cents) 
30.6 
33.0 
35.2 
:14.3 
37.8 
38.4 
36.5 
36.4 
40.8 
Carcass 
(cents) 
15.9 
17.2 
18.2 
18.2 
20.3 
21.1 
19.4 
19.9 
21.8 
Live value 
By-products Total 
(cent.) (cent.) 
1.6 17.5 
1.8 19.0 
1.9 20.1 
1.7 19.9 
1.8 22.1 
1.9 23.0 
1.9 21.3 
1.7 21.6 
2.4 24.2 
TABLE 2. AVERAGE PORK PRICES PER POUND, IN CONSTANT 1947-49, DOLLARS, I\T THE RETAIL, WHOLESALE AND PRIMARY 
MARKET LEVELS, BY QUARTER-YEARS, 1957-58. 
Year and Retail Wholesale Live value 
quarter· year va1ue value 
(cents) (cent,) 
1957 
January-March .................................................................... 47.5 
April-June ............................................................................ 49.3 
July-September ................................................................... .54.0 
October-December .............................................................. 48.3 
1958 
J anuary-March .................................................................... 51.2 
April-June ............................................................................ 53.0 
b~i~~~~\)';'c~~~b~;: .. ·::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::fo:~ 
Average, 1949-56 ................................................................ 51.9 
cuts plus the by-product credit.5 
Similarly, the pork price series were summarized 
(table 2). Finally, the retailing and wholesaling margins 
for pork may be obtained from the price data. 
All quantity series used in the market price relations 
pertained to carcass weight on a per capita basis. (See 
table 3 and table 4 for the quantity series for the 1957-
58 period.) During the 32-quarter period, 1949-56, the 
average estimated yield of beef and pork was, respective-
ly, 55 pounds and 57 pounds per 100 pounds liveweight. 
Somewhat different concepts were used, however, in 
relating whoelsale prices and the wholesale quantities 
to carcass weights. A 1 pound change in wholesale 
quantity pertained to carcass weights based on average, 
1949-56, dressing yields of 55 percent and 57 percent, 
respectively, while the wholesale beef and pork prices 
'Percentage yield. of the seven wholesale pork cuts were as follows: 
~l~~~~r:~':':'_~':J;::I::;:=::-:;~:::=::~~_;li 
j~~rt~~r~t,3 R~~~e~s a.n.~ .. ~.o.\~.~.:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ~:3~ 
36.3 
37.9 
41.1 
3:;.7 
39.7 
42.0 
41.4-
36.7 
40.7 
Major cuts By-products Total 
(cents) (crnt.) ( cents) 
12.7 2.2 14.9 
13.7 2.2 1:'.9 
14.8 2.4 17.2 
12.8 2.0 H.B 
14.5 2.3 16.B 
15.7 2.6 18.3 
15.1 2.5 17.6 
13.3 2.0 15.3 
15.3 2.6 17.9 
pertained to carcass weights based on average dressing 
yields of 59 percent and 47 percent, respectively. The 
former dressing yields were obtained from monthly data 
on federally inspected slaughter complied by the United 
States Department of Agriculture (11). These yield 
percentages were based on the total production of beef 
and pork and the total liveweight of the cattle and hogs 
slaughtered. Moreover, the pork yield of 57 percent in-
cluded edible by-products as well as the seven major 
cuts. The second set of dressing yields, however, per-
tains to the U.S. Choice grade carcasses and the seven 
wholesale pork cuts, respectively. 
The total population in the United States, including 
the Armed Forces, was used to adjust the total com-
mercial production and the total wholesale quantity to 
obtain per capita quantity series. The total commercial 
consumption and the total civilian consumption, how-
ever. were divided by the total civilian population in 
the United States. The population data in tables 3 and 
4 were not adjusted for undcrenumeration (of about 
1.39 percent) . 
TABLE 3. SUPPLY AND DISTRIBUTION OF BEEF IN POUNDS PER CAPITA, BY QUARTER-YEARS, 1957-58. 
Year and 
quarter~ycar 
1957 
Commercial 
production8 
Q', 
January-Ma"ch .............................................................. 20.7 
tJl~!S!~~~mb~;:····.-.·.·.-.-.·.·.·.·.-.-.·.-.-.-.-.·.·.-.-.-.·.-.-.·.-.-.-.-.-.·.-.'.-.-.-.·.-.-.-.-.-.-.-.-.-.-.·.-.-.-.-.-.-. .-.-.-.-13i.~ 
October-December ........................................................ 19.8 
1958 
January-March ............................................................. 18.3 
April-June ........................................................................ 18.:I 
tJ~i~~~~-\)';'c~%b~~· .. ·::::::::::::::::::::::::::::::::.-.-::::::::::::::::::::::l~:~ 
Inventory 
changeR. 
H', 
-OA 
-0.4-
0 
0.2 
-0.1 
0 
0.1 
0.2 
Net 
shirmcntsa 
H*, 
0.5 
0.2 
0.1 
-0.2 
-0.2 
~O.5 
--{j.6 
1.6 
Commercial 
consumptionh 
Q', 
20.9 
20.3 
21.1 
20.1 
18.9 
19.0 
20.2 
19.7 
Farm 
slaul!hterb 
Q*, 
0.6 
0.5 
OA 
0.6 
0.6 
0.5 
0.8 
0.5 
Total 
consum'{ltionb 
Q'. 
21.5 
20.8 
21.5 
20.7 
19.5 
19.5 
21.0 
20.2 
"Derived from estimates by months of total production and distribution aC pork and from estimates by months of total popUlation in the United State., 
unadjusted for underenumeration. 
hDenvl'd from ('stimat{"s by monthR of population l·ating out of civHian food suppli("s, unadjusted for unclercnllmcration. 
TABLE 4. SUPPLY AND DISTRIBUTIO:,\ OF PORK IN POUNDS PER CAPITA. BY QUARTER-YEARS. 1957-58. 
Year and 
quarter .. yeal" 
Commercial 
production ll 
Q', 
Invl"ntory 
change· 
H', 
O ..} 
-0.5 
-0.9 
0.3 
0.2 
--{j.l 
-0.5 
0.5 
Not Commercial 
shtpments ft 
H*, 
consumptionh 
Q'. 
0.4 14.3 
0.3 13.4 
0.3 13.2 
0.2 15.2 
0.2 13.5 
0.2 13.1 
0.2 13.4 
0.1 14.7 
'Derived from e.timates by months oC total production and distribution of pork and from tstimates by month, of 
unadjusted for undercnumeration .. 
bDenved from estimates by months of population t"ating out of ci\'ilian food supplies, unadjustC'd for undercnnmcration. 
Farm Total 
slaughterh consumptionh 
Q*, Q. 
1.6 15.9 
1.2 14.6 
0.8 14.0 
1.8 17.0 
1.5 15.0 
I.I 14.2 
0.6 14.0 
1.8 16.5 
total population in the United State" 
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Conceptually, the wholesale quantity and the com-
mercial consumption series shown in tables 3 and 4 are 
different. Wholesale quantity was defined as equivalent 
to commercial production less the net change in in-
ventory. Consumption from commercial supplies (i.e., 
commercial consumption), however, also included an 
adjustment for the net exports and the withdrawals by 
military agencies, designated as net shipments. More-
over, total domestic civilian consumption from com-
mercial supplies of beef and pork was equivalent to total 
commercial production, less the change in inventory and 
the net shipments, and plus the farm slaughter. 
A recursive approach was used in both concepts of 
market performance (3, p. 64). The reaction sequence 
from wholesale quantity to wholesale price to retail price 
and live price, or from retail quantity to retail price 
to wholesale price to live price, involved a relatively 
short time interval. Current values of each of the vari-
ables were involved in the estimation of the price rela-
tionships. Estimated values of the explanatory variables, 
presumably unbiased, were used to compute the live-
wholesale and retail-wholesale price relationships. Thus, 
unbiased estimates were obtained of the market price 
relationships, assuming the underlying statistical assump-
tions were fulfilled (3, p. 64-65). 
Several different criteria were used to establish the 
adequancy of the estimated market relationships for 
predicting quarterly price changes. First, the coefficient 
of multiple determination, R2, was used to show the 
percentage of total variation of a dependent variable 
that was explained by the explanatory variables. The 
occurrence of a high degree of intercorrelation among 
the explanatory variables, or of other forms of spurious 
correlation, resulted in a relatively large value of the 
coefficient but a relatively low degree of predictive 
accuracy. 
The standard error of a regression coefficient, Sbsg, 
in equation 9, for example, was used to make an interval 
estimate of the price relationship, Bsg. Thus, probability 
statements were made regarding the limits of the price 
relationship with reference to the estimated value. It 
could be said, for example, that the price relationship, 
Bsg, had a value within the limits, bog + Sb5g, unless 
the sample upon which the estimate is based was one 
of the different kind that occurs about once in three 
trials. The standard errors of regression are shown in 
parentheses below the regression estimates in the tabular 
summaries. 
The correlation coefficients used in the computation 
of the regression coefficients were examined for inter-
correlation among the explanatory variables. A simple 
correlation coefficient of near unity provided informa-
tion to reject certain variables and to evaluate critically 
the estimates obtained on the basis of other variables 
~hich were included despite the high degree of inter-
correlation. The r table was used, therefore, as an 
additional criterion to evaluate the accuracy of the 
single equation, recursive approach in forecasting quar-
terly price changes. 
Finally, the standard error of forecast was computed 
for a wholesale beef price relation and a wholesale 
pork price relation to show the computed confidence 
limits of the individual quarterly wholesale price fore-
cast based on the values of the explanatory variables 
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for the first, second and third quarters in 1957-a period 
extending beyond the 32-quarter period used to com-
pute the prediction equations. A comparison of the R2 
value and the standard error of forecast for each of the 
prediction equations supplemented the first criterion 
as a test of predictive performance.6 
ALTERNATIVE FORECASTING METHODS 
The two models of pri~e determination-at the whole-
sale level and at the retail level-were used to select the 
variables to forecast changes in beef and pork prices at 
each of the three market levels. First, however, the esti-
mated inventory relationships were used to obtain the 
current quantities of beef and pork in the wholesale 
price relations. 
ESTIMATION OF END-OF-QUARTER COLD STORAGE 
HOLDINGS 
Changes in the levels of cold storage holdings, com-
mercial production and wholesale prices over the same 
quarter a year ago were related to changes in the cur-
rent level of cold storage holdings of beef or of pork 
(see equations 1 and 2). The three explanatory variables 
-the year-to-year trend in cold storage holdings lagged 
1 quarter, the year-to-year trend in commercial pro-
duction and the year-to-year trend in wholesale price 
lagged 1 quarter-accounted for 72 percent and 82 
percent, respectively, of the variation in the year-to-year 
trend in cold storage holdings 'of beef and pork (table 
5). 
Each of the inventory effects was significant at the 
I-percent or 5-percent level. Numerically, an increase 
of 175 million pounds, or 1 pound per capita, in the 
level of cold storage holdings of beef at the end of the 
preceding quarter over the same quarter a year ago was 
associated, on the average during the 1949-56 period, 
with an increase of 122 million pounds, or 0.70 pound 
per capita, in the current end-of-quarter inventory level. 
The effect of the lagged trend on the current trend in 
pork cold storage holdings, however, was relatively smalI. 
The effect of a change in the current trend of commer-
cial pork production, however, was relatively large. 
Moreover, the effects of an increasing trend in com-
mercial pork production probably differed from the ef-
·Successive values of the residuals from the regression equations Were 
correlated with the same scries lagged one quarter for several market price 
relations. The Durbin,Watson .I-test was used to test for mutual lOde· 
pendence in the unexplained residuals (3, p. 173). 
TABLE 5. ESTIMATED EFFECTS ON LEVELS OF BEEF AND PORK 
COLD STORAGE HOLDINGS OF A + 1 MILLION POUND CHANGE 
IN THE LEVEL OF COLD STORAGE HOLDINGS AT THE END OF 
THE PRECEDING QUARTER. A + 1 MILLION POUND CHANGE 
IN COMMERCIAL PRODUCTION. AND A + 1 CENT CHANGE IN 
WHOLESALE PRICE FOR THE PRECEDING QUARTER, BY QUAR-
TER-YEARS, 1949-56., 
Lagged cold 
storage holdings 
H*. or H*2 
Commercial Lagged who1e-
production sale price Cold storage 
holdings Q. or Q. p', or p'. 
(millions of pounds) 
Beef ................................ 0.70*" 0.09*" 
(0.11) (0.03) 
Pork .............................. 0.53" 0.30** 
(0.11) (0.04) 
"Significant at the 5-pereent 1,,'el. 
**Significant at the I-percent level. 
5.87** 
(1.63) 
5.00" 
(2.29) 
Constant 
term 
1 
-6.10 
-13.29 
fects of a decreasing trend in commercial pork produc-
tion-a difference that was not tested statistically. The 
effects of a 1 cent change in the lagged wholesale price 
trends were approximately the same, however, for the 
two prediction equations. Slight refinement of the in-
ventory prediction equations probably would improve 
the quarterly estimates and thus make the estimates of 
wholesale quantity highly accurate, given the estimates 
of commercial production. 
PRICE DETERMINATION IN RELATION TO THE 
WHOLESALE MARKET 
WHOLESALE PRICE RELATIONS 
Attainment of equilibrium prices in the dressed meat 
markets may depend on numerous local conditions. Over 
longer periods of time-a quarter-year as compared with 
a week-the quantities of beef and pork in commercial 
channels and the incomes and tastes of consumers grad-
ually shift the level of the weekly price fluctuations. The 
analyses covering the 1949-56 period show that over 94 
percent of the quarterly variation in wholesale beef or 
pork prices was attributed to changes in the quantities 
of beef and of pork and to changes in the incomes and 
tastes of consumers. Part of the estimated shift in whole-
sale prices, however, was the result of shifts in the 
quality composition of total wholesale quantities of beef 
and pork, particularly with respect to beef supplies. 
Estimated effects of changes in the quarterly values 
of wholesale quantities of beef and pork, and of income 
and time, are summarized in table 6. Wholesale equa-
tion IA includes only the effects of changes in beef and 
pork quantities and time. Thus, during the 1949-56 
period, a change of + 1 pound in per capita wholesale 
quantity of beef was associated, on the average, with a 
change of -3.71 cents in the wholesale price of beef and 
of -1.79 cents in the wholesale price of pork, each in 
constant 1947-49 dollars. In addition, a + 1 pound 
change in the per capita quantity of pork at the whole-
sale level was associated with a -0.63 cent change in 
beef price and a -4.59 cent change in pork price. The 
standard errors of the estimated relationships ranged 
from 0.39 to 0.69. Only the pork quantity effect on beef 
price was not significant at the I-percent level. 
Wholesale equation II did include an income variable 
--current disposable personal income in equation IIA 
and moving average disposable personal income in equa-
tion lIB. The income variable, however, was highly cor-
related with the trend variable. Hence, errors were in-
troduced in the estimation of the wholesale price rela-
tionships. Only the estimates of the pork price relation-
ships, however, were significantly different using equa-
tion II. Interestingly, each of the coefficients obtained 
with equation II was larger numerically than the com-
parable coefficient obtained with equation I. The greater 
inverse effects of changes in wholesale quantities were 
offset by the greater seasonal effects on wholesale price. 
Wholesale equation IlIA included the current income 
variable and also a production trend variable. Year-to-
year changes in the per capita commercial production 
of beef and of pork for the preceding quarter were pre-
sumed to have a negative effect on wholesale prices. 
Nevertheless, only the effect of changes in the beef 
quantity trend on pork price was significant, but the 
estimated value failed to support the initial hypothesis. 
Finally, the moving average income effect was deleted 
from the two wholesale price series using the inverse form 
of the estimated income effects on beef and pork con-
sumption obtained in a related study (7). The original 
estimates of 0.0061 and 0.0170, denoting the change in 
beef quantity and pork quantity, respectively, associated 
with a $1 change in the moving average per capita dis-
posable personal income, were used in the inverse form 
expression of the consumer demand equations. The esti-
mated effects were subsequently adjusted to the whole-
TABLE 6. ESTIMATED EFFECTS ON WHOLESALE PRICE PER POUND CARCASS WEIGHT OF A + 1 POUND CHANGE IN PER CAPITA 
WHOLESALE QUANTITY, A + 1 DOLLAR CHANGE IN DISPOSABLE PERSONAL INCOME AND + 1 QUARTER 
CHANGE IN TIME, SELECTED EQUATIONS, BY QUARTER-YEARS, 1949-56. 
Wholesale quantity D!sposable Linear Quarterly effe~ts Constant 
Beef Pork Income trend First Second Third Fourth term 
Equation Q'a Q', Y' W* W' W' wa W* 1 
Beef, IA -3.71" 41.63 0.37" -1.01 -1.76 2.24" 0.53 106.95 (0.39) (0.43) (0.10) (1.18) a (0.93) (1.43) 
Beef, I1A -3.73*" 41.68 0.003b 0.35' -0.99 -1.82 2.20" 0.61 103.87 (0.42) (0.52) (0.018) (0.15) (1.27) a (0.95) (1.65) 
Beef, lIB -3.75" -0.73 0.011" 0.30 -0.95 -1.87 2.13" 0.69 94.78 (0.40) (0.48) (0.025) (0.19) (1.23) a (0.94) ( 1.56) 
B.d, IlIA -3.43" -0.12 0.0061> 0.27 -I.1S -1.19 2.65" -0.27 88.41 
(0.51) (0.70) (0.019) (0.17) (1.45) a (0.98) (2.07) 
Beef, IVB -·3.S7" -1.07' 0.0.'i0'\ 0.05 -0.76 -2.22 1.74" 1.24 121.28 (0.41) (0.45) (0.10) (1.22) a (0.97) ( 1.50) 
Pork, IA -1.79" -4.59" 0.06 1.59" --4. IS -3.17 5.76" 136.64 (0.63) (0.69) (0.16) (1.91) a (1.51 ) (2.33) 
Pork, UA -2.28" -5.62·· 0.069'1> -0.33 2.03" ··5.35 -4.09 7.41" 72.65 (0.69) (0.S5) (0.031) (0.24) (2.0S) (1.57) (2.72) 
Pork, UB -2.22" -5.75"· 0.134"·r. -0.81" 2.26" -5.40 4.52 7.66" -7.08 (0.60) (0.72) (0.037) (0.28) (1.84) a (1.41 ) (2.33) 
Pork, IlIA -2.79" -5.69" 0.062'b 41.20 1.86" -5.46 -3.72 7.32" 89.40 (0.80) (1.08) (0.030) (0.26) (2.25) a (1.53) (3.23) 
Pork, IVB -1.37" -4.34" 0.133" -0.98" 1.10" -3.48 -2.06 4.44" 143.47 (0.4S) (0.53) (O.12) (1.44) a (l.15) (1.77) 
aQuarterly effects were transformed from a second ~uarter base in the original computations to an average 1949-56 base. Hence the standard error of 
estunate was available only for the three quarters exc uding the second quarter. Moreover, the standard error "ertains to the otigi~al value of the regre.-
sion coefficient, which may be obtained from the value. shown. 
bCurrent average quarterly value of disposable personal income. 
cMoving average quarterly value of disposable personal income. 
"Based on estimated consumer demand relationship •. 
'Significant at the 5-percent level. 
"Significant at the I-percent levd. 
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sale-retail price spreads.7 Again, the estimates of the 
price-quantity relationships differed slightly from the 
estimates obtained in equation I. The income effect on 
wholesale price, it was assumed, resulted only in a shift 
in price because of the fixed wholesale quantity. Over 
longer time periods, the income effect would affect the 
wholesale quantities also, but in the present model of the 
marketing system the wholesale quantity variable was 
presumed estimated with certainty and wholesale prices 
then adjusted accordingly. 
Exclusion of the income variable in the wholesale 
price relations resulted in less biased and probably more 
reliable estimates of the wholesale price relationships for 
periods of relative income stability. The current income 
effect probably was negligible during the 1949-56 period 
-an hypothesis that could not be tested satisfactorily 
because of the high degree of intercorrelation. During 
the subsequent 2 years, however, the income effects may 
have become more pronounced. But the available fore-
casting procedures were somewhat inadequate to esti-
mate the short-term income effects during the recent 
period of sharply changing consumer expectations (5). 
MARKETING MARGIN RELATIONS 
Retail price and live price changes were related to 
changes in wholesale prices and time. In addition, 
quarter-to-quarter changes in commercial production 
were included in one set of live price relations. Thus, 
the wholesale market was conceived as the most sensitive 
of the three market levels in price determination. Prices, 
presumably, were established with respect to both sup-
ply and demand conditions. Moreover, retailers followed 
wholesale price changes, if not daily, at least over 3-
month periods. 
The retailing margin, or the wholesale-to-retail price 
spread, was comprised of three different components: a 
fixed componet, a variable componet directly proportion-
al to the wholesale price and a variable component re-
lated to time and comprised of two subcomponents-
a gradual linear change in the price spread and a re-
current quarterly change fluctuating about the linear 
trend. The retailing margins, S'5t and S'6t, can be de-
rived from the retail price relations shown in table 7 
(where P'5t - P'n = S'ot and p'Gt - P' H = S'6t). 
Retail price equation IA was based on reported whole-
sale prices and a set of dummy variables to denote a 
7The adjustments were performed on the deflated \vholesale price series 
"sing the rxoressinns, P'" - (0.050) (Y', - 1,249) == P"". and 
P'" - (0.133) (Y', -1,249) == P",t, to obtain respectively. the ad. 
justed beef prices, P'-at, and the adjusted pork prices, p'·tt. 
linear quarterly trend and recurrent quarterly effects, 
which, altogether, accounted for 98 percent of the varia-
tion in retail prices in both price relations.s A 1 cent 
change in wholesale beef price was associated with about 
a 1 cent change in retail beef price, but a 1 cent change 
in wholesale pork price was associated with a 0.93 cent 
change in retail pork price. Thus the retailing margin 
for beef was practically fixed during the period of anal-
ysis at a level of 11.64 cents in constant 1947-49 dol-
lars. None of the other effects over time were significant 
with respect to the wholesale-retail price spread for 
beef. In comparison, the pork retailing margin varied 
inversely in relation to the wholesale pork price. More-
over, the positive fourth quarter effect for pork was sig-
nificant at the 1-percent level. The fluctuations in the 
wholesale-retail price spread for pork during the 1949-
56 period were relatively small, however, in relation to 
the fixed component of 13.05 cents. 
Retail price equation IB was based on predicted 
wholesale prices (using wholesale equation I). The 
dummy variables denoting the quarterly effects were 
omitted except for the fourth quarter effect on retail 
pork price. Only the estimated pork price relationships 
seemed to differ in the two equations. The fixed com-
ponent was larger and the variable wholesale price com-
ponent was smaller in the second pork equation. In 
addition, the fourth quarter effect was not significant. 
Hence, the wholesale-to-retail price spread for pork was 
affected more by short-term changes in predicted whole-
sale prices than reported wholesale prices. In either 
event, the variability in wholesale pork prices was re-
duced at the retail level by compensating, or negative, 
changes in the retailing margin. 
Price changes at the primary market level were de-
picted as a function of wholesale price changes and time 
in live price equation I. In live price equation II, the 
quarter-to-quarter change in per capita commercial 
production also was included (table 8). Each of the 
price equations accounted for 97 percent or more of 
the variation in live prices. The test for autocorrelation 
of the unexplained pork residual term, however, was 
significant. Hence, a lag effect on live price was evi-
dent but not included explicitly in the live pork price 
equations. 
Since live prices were on a liveweight basis and whole-
sale prices on a carcass weight basis, the derivation of 
the live-to-wholesale price spreads involved an adjust-
ment of the coefficients in table 8. (The wholesale 
SThe linear trend included the composite effects or changes in marketing, 
costs, consumer intomrs and tar;tcs on the price spread or marketing 
m:ugin. 
TABLE 7. ESTIMATED EFFECTS ON RETAIL PRICE PER POUND CARCASS WEIGHT OF A + I CENT CHANGE IN WHOLESALE PRICF, 
AND A +1 QUARTER CHANGE IN TIME, BY QUARTER.YEARS, 1949-56. 
Wholesale Linear Quarterly effects Constant 
Retail nrice trend First Second Thi .. d Fourth trrm 
price P':J, P'" W' W' W' W' W' I 
(cents) 
Bed, IA 1.01" 0.03 0.10 0.12 -DAB 0.26 11.64 (0.04) (0.03) (0.55) a (0.56) (0.56) 
Bed, II! 1.03" 0.04 10.67 
(0.07) (0.05) 
Pork, IA 0.93" 0.03 -D.44 ·0.66 -D.O? 1.17" 13.05 
(0.04) (0.02) (OAO) a (0.39) (0.41 ) 
Pork, IB 0.78" -D.Ot -D.IO 20A2 
(0.10) (0.05) (0.99) 
aLess than 0.005. 
"Significant at the I-percent level. 
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Wholesale 
Live price 
price pia, P/4 
Beef, IA 0.66" 
(0.02) 
Beef, IIA 0.66" 
(0.02) 
Beef, HIB 0.69" 
(0.03) 
Beef, IIIC 0.60" 
(0.03) 
Pork, IA 0.61" 
(0.03) 
Pork, IIA 0.62" 
(0.01) 
Pork, IIIB 0.54" 
(O.M) 
Pork, IIIC 0.45" 
(O.M) 
Production 
Beef Pork Q', Q', 
-0.29' 
(0.13) 
-0.38 
(0.29) 
·-0.26 
(0.26) 
0.24" 
(0.05) 
-D.17 
(0.13) 
-0.06 
(O.M) 
0.38 
(0.28) 
0.48 
(0.25) 
aBase quarter in original computations. 
bLess than 0.005. 
'Sillnificant at 5-percent level. 
"SIgnificant at I-percent level. 
Linear 
trend 
W' 
-D. 10 
(0.07) 
-0.02 
(0.01) 
b 
b 
........ 
price coefficient for beef was multiplied by the reciprocal 
of carcass yield per pound, i.e., 1.69, and the whole-
sale price coefficient for pork was multiplied by the 
reciprocal of the yield of the seven wholesale cuts per 
pound, i.e., 2.13.) Thus, using live price equation lA, 
a 1 cent change in wholesale beef price on a carcass 
weight basis was associated with a 0.66 cent change in 
beef cattle price on a liveweight basis. But a 1 cent 
change in wholesale beef price on a liveweight basis was 
associated with a 1.12 cent change in beef cattle price. 
Similarly, a 1 cent change in wholesale pork price on 
a liveweight basis was associated with a 1.3 cent, rather 
than a 0.61 cent, change in hog price on a liveweight 
basis. 
Both the beef and the pork live-to-wholesale price 
spreads were inversely related to changes in live prices 
when converted to a live price basis. Thus, by trans-
position of the variables and their coefficients in table 8, 
AS>, = -0.12 and AS':t = -0.23, 
AP 11 AP ~l 
where, S'st = pI St - P'lt and S'H = P'H - P'Zt, and 
where small changes in the variables are denoted by 
Greek letter delta (A). Only effects of changes in whole-
sale prices were significant in the live price equations, 
except for the first-quarter increase in the pork whole-
sale margin. Hence, the derived margins were com-
prised of two significant components: a fixed component 
and a variable price component. The variable com-
ponent was dependent on the behavior of live prices; 
the latter were dependent not only upon changes in 
wholesale prices but also upon changes in inventories. 
Hence, a more complete expression of the wholesaling 
margin would include the effects of inventory and price 
changes on the live-to-wholesale price spread. 
Live price equations IA and IIA were based on re-
ported values of wholesale prices. Equations IIIB and 
IIIC, however, were based on estimated wholesale 
prices. In addition, the value of the by-products was 
deducted from the prices of beef cattle and hogs in 
equation Ille. Thus, the live price series used in the 
last equation pertained to the liveweight equivalent of 
the carcass weight used in the wholesale price series. 
First 
W' 
(cents) 
0.39 
(0.57) 
0.96" 
(0.32) 
-0.10 
(0.08) 
0.29 
(0.57) 
0.35 
(0.50) 
Quarterly effects 
Second Third 
W' W' 
0.12 
a 
-0.08 
b 
-D. 50 
(0.56) 
0.16 
(0.26) 
-0.22 
(0.59) 
-D.33 
(0.52) 
-D.73 
(0.32) 
Fourth 
W' 
-D.OI 
(0.55) 
-D.l4 
(0.34) 
0.10 
(0.08) 
Constant 
term 
1 
-2.24 
-2.28 
-3.BO 
-2.67 
-6.88 
-7.20 
-4.05 
~3.00 
The association between reported live prices and ad-
justed live prices, was described by the form, 
P'rt = -0.71 + 1.14P'*lt, and (11) 
P'2t = -0.16 + 1.18P'*~t, (12) 
where P''',t was the adjusted beef cattle price and P'*2t 
was the adjusted hog price. The value of by-products 
comprised, therefore, a fixed component and a variable 
component, where the variable component was O.12P'lt 
for beef cattle and 0.15P'n for hogs in terms of the re-
ported prices. 
Accurate predictions of the value of by-products would 
require some consideration of the prospective markets 
for hides and lard, both domestic and foreign, inasmuch 
as these items comprise a major part of the total value 
of by-products. During the 1949-56 period, however, 
the derived price reaction coefficients quite accurately 
depicted the relationship between the reported live prices 
per pound liveweight and the live prices adjusted for 
the value of by-products. 
PRICE DETERMINATION IN RELATION TO THE 
RETAIL 11ARKET 
A set of two consumer demand equations showing the 
effects of changes in retail beef price, retail pork price, 
retail poultry price, disposable personal income and time 
was used to derive the inverse form equivalents of the 
consumer demand relationships (7). The derived re-
gression coefficients showing the effect of a 1 unit change 
in per capita civilian consumption (including farm 
slaughter), poultry price, income and time on the re-
tail price of beef anq pork (see table 9) may be com-
pared with the coefficients for the wholesale market 
level. A somewhat different concept of quantity was 
used, hence the coefficients would not be directly com-
parable even if the retail-wholesale price relationships 
were involved in the comparison. 
Wholesale prices can be estimated, given the esti-
mated retail prices and the retail-to-wholesale price 
spreads. Data in table 7 may be adjusted, using whole-
sale price as the dependent variable, to obtain the needed 
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TABLE 9. ESTIMATED EFFECTS ON RETAIL PRICE PER POUND CARCASS WEIGHT OF A + 1 POUND CHANGE IN PER CAPITA 
CIVILIAN CONSUMPTION\ A + 1 CENT CHANGE IN POULTRY PRIC!';. A + 1 DOLLAR CHANGE IN INCOME AND 
A ,.. 1 QUARTER CHANGE IN TIM~;. BY QUAKTER-YEARS, 1949-56. 
Civilian consumption Poll;ltry Disposable 
Beef Pork prIce Income 
Equation Q'. Q'. P'. Y' 
Beer •••.•.•• u •••••••••.••••••••.••• -4.03 -1.60 0.23 0.052 
Pork ................................ -1.36 -5.61 0.25 0.104 
price reaction coefficients by quarters. Thus, retail, 
wholesale and primary market prices can be predicted, 
given the values of the explanatory variables at the re-
tailor consumer level. 
EVALUATION OF FINDINGS ON VERTICAL 
PRICE RELATIONSHIPS 
The estimates of the market price relationships may 
be examined further in tenns of price flexibility and 
price reaction coefficients for each of the three levels 
in the livestock and meat marketing system. First, a 
price flexibility coefficient was defined as the estimated 
percentage change in a market price associated with a 
given percentage change in a quantity variable, or some 
other explanatory variable. A price reaction coefficient 
was defined as the estimated percentage change in a 
market price associated with a given percentage change 
in another price variable. A demand elasticity coefficient 
was defined as the estimated percentage change in a 
quantity variable associated with a given percentage 
change in a price or income variable. The derived price 
elasticities of demand at the wholesale market level, for 
example, could be obtained from the derived quantity-
price relationships, 
oQ'at b42 
oP'at 
(13) 
(14) 
Thus, the own-price elasticity of demand for beef, Eq3.1'3 
would be represented by the expression, 
( oQ'at) (P3) Eq3•P3 = oP' 3t Qa' ( 15) 
Similarly, the price elasticity of demand for pork was 
obtained from the derived quantity-price relationships 
and the mean values of the price and quantity variables 
for the 1949-56 period (see table 10, method A). 
Price flexibility coefficients for two wholesale price 
TABLE 10. ESTIMATED AVERAGE PRICE ELASTICITIES OF DE-
MAND FOR BEEF AND PORK BASED ON TWO METHODS 
OF ESTIMATION, RETAIL, WHOLESALE AND 
PRIMARY MARKET LEVELS, 1949-56. 
Iteln 
Retail 
Inarket 
Beer .................... -0.85 
Pork .................. -0.62 
Primary 
Wholesale market market 
using 
Method A Method B Method B 
Wholesale Wholesale using retail and live 
equation equation equation equation 
IA IVB IA mc 
(percent) 
-0.68 -0.67 -0.67 -0.60-
-0.62 -0.67 -0.44 -0.37& 
"Fixed level. and pork and beef inventories, excluding the by-product 
components of beef cattle and hog prices. 
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Linear Quarterly effect Constant 
trend First Second Third Fourth term 
W* Wl W' W' W· 1 
0.09 -0.90 -3.10 0 4.00 64.35 
-0.83 1.27 -5.54 -7.23 11.50 23.95 
relations, wholesale price equations I and IVB, are in-
cluded in table 11. Each of the coefficients was com-
puted at the mean 1949-56 values of the price and 
quantity variables. Thus, at the wholesale level, pork 
prices were relatively more flexible than beef prices with 
respect to given changes in beef or pork quantities dur-
-ing the period covered by the analyses. 
Price reaction coefficients for retail price equation IA 
and live price equation IA are shown in table 12. A 1 
percent change in wholesale beef price was associated 
with a 0.78 percent change in retail beef price. A 1 
percent change in wholesale pork price was associated 
with a 0.73 percent change in retail pork price. The 
live price reaction coefficients were significant, also, but 
greater than unity. Thus, the level of the live or retail 
price affected the magnitude of the price reaction co-
efficient in each price relationship. 
Finally, the price reaction coefficients were used to 
obtain estimates of demand elasticities at each of the 
three levels in the marketing system (see table 10, meth-
od B). For example, the retail demand elasticity co-
efficient, Eq5•P5' may be expressed by the formula, 
E =(OQ'5t) (P's) 
q5.p5 OP'5t. Q5 ' (16) 
where Q'5t and P'St denote retail beef quantity and re-
TABLE 11. EFFECT ON WHOLESALE PRICE OF BEEF AND PORK 
PER POUND OF A + 1 PERCENT CHANGE IN WHOLESALE 
QUANTITY OR DISPOSABLE PERSONAL INCOME, OR A + 1 
UNIT CHANGE IN TIME, BY QUARTER-YEARS, 1949.56. 
Explanatory 
variable 
Wholesale price, IA 
Beef Pork 
(percent) 
Beef quantity ................. -1.59** -0.77** 
Pork quantity ............... -0.24 -1.72** 
Annual trend .................. -3.64** 0.64 
First quarter .................. -2.73** 3.91** 
Second quarter .............. -4.57· -10.26-
Third quarter ................ 5.25** 
- 7.79 
Fourth quarter .............. 1.05 14.14** 
Wholesale price, IVB 
Beef Pork 
-1.65** -0.58** 
-(1.40* 
-1.63** 
0.12 -2.41** 
-1.86 2.70** 
-5.44-
-8.55' 
4.27** 
-5.05 
3.03 10.90** 
-Standard errors of estimate for the second-quarter effects wert' not available 
because of the computational Inethod. 
*Significant at the 5-percent level. 
**Significant at the I-percent level. 
TABLE 12. EFFECT ON RETAIL PRICE OF BEEF AND PORK PER 
POUND OF A + 1 PERCENT CHANGE IN ESTIMATED WHOLE-
SALE BEEF AND WHOLESALE PORK PRICES, BY QUARTER-
YEARS, 1949-56. 
Explanatory 
,,,,riable 
Wholesale price ...... .. 
Annual trend ........... . 
First quarter ............. . 
Second quarter ......... . 
Third quarte,· ........... . 
Fourth quarter ........ .. 
Retail price, IA 
Beer Pork 
0.78** 
0.19 
-0.04 
-0.05 
0.13 
-0.04 
(percent) 
0.73** 
0.15 
-0.43 
-0.46 
-0.28 
1.17** 
"*Significant at the I-percent level. 
Live price, JA 
Bref Pork 
1.12** 
-0.33 
-0.05 
-0.12 
0.27 
-0.10 
1.39** 
0.00 
0.99 
-0.53 
0.06 
-0.52 
tail beef price, respectively. If, however, beef inventories 
at the retail level are negligible, then retail beef quantity 
and wholesale beef quantity can be assumed equivalent. 
Hence, the wholesale demand elasticity coefficient, Eqa.pa, 
may be specified by the form, 
(P's) (OP'6t) Eq3.P3 = Eq5.p~ P'a OP'at' ( 17) 
where the partial derivative, OP' 5t/OP' at; is equivalent 
to the regression coefficient of retail price with respect 
to wholesale price. Finally, the form, 
( Q'3)(P'1)(OP'at) (OH'lt)(P'l) Eq1.pt = Eq3 •P8 Q'l P' a OP'It + OP'It Ql' (18) 
denotes the components of the live demand elasticity 
coefficient, which is comprised of the retail and whole-
sale demand elasticities and the inventory demand elas-
ticity. Thus, the live demand elasticities would have an 
additional source of instability--the effect of changes 
in inventory levels on live prices. Changes in live prices 
would be directly proportional to changes in inventory 
levels. Hence, the reciprocal of the price-inventory re-
lationship would vary directly with changes in inventory 
levels. Thus, the depressive price effects of sharp 
changes in commercial production would be reduced. 
The wholesale demand elasticity coefficients for beef 
and pork may be estimated from the data in table 6 using 
the adjusted values of the wholesale price relationships 
(see table 10). The live demand elasticity coefficients 
also can be derived if fixed inventory levels are assumed, 
thus making Q'3t = Q'It and (oHlt/Q'a) -7- (ap'lt/p'd 
= O. Furthermore, the own-price elasticity coefficients 
of demand for beef and pork, -0.85 and -0.62, may be 
used to derive price elasticity coefficients at the whole-
sale and primary market levels. Differences in the two 
sets of coefficients in table 10 may be the result of errors 
in the estimation of the demand and price relationships 
and limitations in the underlying assumptions. 
In summary, the findings on price flexibility and de-
mand elasticity coefficients suggest the following con-' 
elusions: 
1. The estimated own-price flexibility at the whole-
sale market level, based on the average 1949-56 values 
of the price and quantity variables, was about -1.6 for 
beef and about -1. 7 for pork. 
2. The estimated cross-price flexibility was about -0.3 
for beef price and about -0.7 for pork price, at the aver-
age 1949-56 values of the two sets of variables. 
3. The average annual change in the price of pork 
due to linear trend probably was about -2.4 percent, or 
somew'nat less, of the average 1949-56 quarterly whole-
sale price. The trend effect was not significant for beef 
at the wholesale market level. 
4. The composite effects of quarter-to-quarter shifts 
in the wholesale price relationships were at a peak dur-
ing the third quarter for beef and during the first and 
fourth quarters for pork. The quarterly shift in the price 
of beef, however, probably largely represented the effect 
of quality changes in the total supply of beef. 
5. The price reaction coefficients at retail price with 
respect to wholesale price on a percentage basis were 
about 0.8 and 0.7, respectively, for beef and pork. The 
percentage price reaction coefficients of live price with 
respect to wholesale price were about 1.1 and 1.4 for 
beef and pork, respectively. 
QUARTERLY PRICE FORECASTS 
Beef prices were predicted with a relatively high de-
gree of accuracy for the 1949-56 period, as shown by 
the small differences between the reported and pre-
dicted prices based on wholesale price equation IA (table 
13). In comparison, the 1957 and 1958 estimates ex-
ceeded the reported prices by as much as 8.6 cents per 
pound. Beef cattle and beef prices were lower than ex-
pected on the basis of the average 1949-56 price-quantity 
relationships at the primary and wholesale market levels. 
Retail prices, also were overestimated during most of 
the 8-quarter period. 
Considerable consumer resistance to higher beef 
prices may have occurred during 1957 and 1958. Con-
sumer incomes were in a period of readjustment, which 
may have resulted in changes in consumer buying habits. 
The income elasticity of demand for beef was relatively 
high-about 0.3, or more-hence the income readjust-
ments may have had an initial impact on the demand 
for beef. Retail prices lagg-ed behind the changes in 
wholesale and primary market prices, but the reported 
and predicted retail prices reached a minimum level for 
the post-war period during the first quarter, 1957, and 
thence began an upward climb that brought the two 
series together by the first quarter, 1958 (table 14). 
Numerical measures of disposable personal income may 
need to be supplemented by separate estimates of wages 
and salaries, indebtedness and liquidity in the form of 
cash and convertible securities. Financial obligations and 
income expectations, for example, may have changed 
substantially during calendar year 1957, though the nu-
merical estimates of income failed to reveal these changes 
TABLE 13. REPORTED AND PREDICTED WHOLESALE PRICES OF 
HEFF AND PORK PER POUND CARCASS WEIGHT IN 1947-49 
DOLLARS, USING WHOLESALE PRICE EQUATION' lA, 1949.56. 
YeaI' and Beer Pork 
quarter-year Repo,·ted Predicted Reported Predicted 
(cents) 
1949, I 38.1 41.7 45.3 45.7 
2 41.3 41.6 44.9 44.5 
:1 43.9 43.8 48.6 46.6 
4 45.0 46.4 39.4 44.7 
1950, I 42.9 44.2 38.6 43.1 
., 46.2 44.7 41.6 43.8 ii 47.6 46.4 48.8 45.7 
4 47.7 45.3 40.4 41.1 
1951, 1 50.4 46.9 42.6 41.7 
2 51.4 51.4 41.8 38.8 
3 51.6 53.6 43.1 41.9 
4 51.5 50.6 38.4 39.4 
1952, 1 49.9 49.1 36.3 37.2 
2 48.7 49.5 39.6 40.1 
3 48.3 48.5 43.5 39.8 
4 45.7 45.1 37.6 36.2 
1953, I 37.0 39.3 40.8 38.9 
2 :\3.7 :W.2 46.5 41.6 
:\ :\6.7 36.0 48.8 44.0 
4 :16.0 33.5 42.6 42.2 
1954, I 34.6 :\3.9 48.3 47.0 
2 :15.0 35.8 48.8 50.5 
3 35.9 37.2 43.2 50.1 
4 37.5 36.7 37.9 42.0 
1955, 1 37.2 35.9 36.1 38.5 
2 34.7 33.6 38.4 38.7 
3 34.6 34.2 37.9 37.1 
4 32.3 34.2 31.1 31.3 
1956, I 31.1 30.1 39.8 28.4 
2 30.5 30.6 33.9 34.2 
:\ 36.5 35.4 35.1 35.9 
4 32.U :15.0 32.8 32.0 
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TABLE 14. COMPUTED RESIDUAL TERMS FOR SELECTED PREDICTION EQUATIONS SHOWING DEVIATION IN CENTS OF ESTIMATED 
FROM REPORTED BEEF PRICE, AT THE RETAIL, WHOLESALE AND PRIMARY MARKET LEVELS, BY QUARTER-YEARS, 1957-58. 
Wholesale price base Retail 
market 
Yeal' and Wholesale price differences 
quarter .. year IA IIA lIB IlIA 
1957 
January-March .................... 
-
1.9 
-
1.9 - 2.0 -1.7 
April-June .......................... 
- 3.0 - 2.9 - 2.8 -3.9 
l>ly-September .................. - 2.7 - 2.5 - 2.2 -2.7 
ctober-December ............ - 5.9 - 5.9 - 5.7 -5.2 
1958 
January-March .................... 
- 6.5 - 6.4- - 6.2 -5.8 
April-June ............................ 
- 6.4 - 6.3 - 5.8 -5.7 
l>ly-September .................... - 8.6 - 8.4- - 7.9 -7.8 
ctober-December ............ -12.1 -12.1 -11.6 -9.5 
"":'changes which probably affected the demand for beef 
and pork. 
Observed residual terms for the beef price equation 
showed a periodicity in their variations (table 13). The 
peaks or troughs were about 4 years apart-i.e., whole-
sale prices were overestimated for 2 years, then under-
estimated for 2 years, and so on. Wholesale prices were 
overestimated for 1948-49, 1952-53 and 1956-57, and 
underestimated for the intervening years. Moreover, 
live prices varied more sharply than wholesale prices. 
The autocorrelative properties of the two residual 
terms were examined further in view of the relatively 
small values for the d-statistics. The 4-year cycle in the 
differences between predicted and reported prices for 
beef was superimposed on at least two other disturb-
ances: (1) the effect of income readjustments in the 
1948-49 period associated with the depletion of liquid 
savings and (2) the effect of price controls during the 
1951-53 period. The residual periodicity in the errors 
of forecast with respect to live and wholesale beef prices 
could be related to the periodicity in pork production. 
Pork production was relatively small when beef prices 
were underestimated and relatively large when beef 
prices were overestimated. Thus, when pork production 
increased during the 8 quarters starting with the first 
quarter of 1954, live and wholesale beef prices were 
actually lower than predicted. 
Live hog and wholesale pork prices were predicted 
with less accuracy than beef and beef cattle prices, partly 
as the result of pork storage operations that were not 
adequately explained by changes in the quantities of 
beef and pork (see table 13). Furthermore, during the 
fourth quarter, 1957, an overestimate of the pig crop 
probably resulted in lower-than-expected levels of in-
ventories and, also, lower wholesale and live prices than 
expected on the basis of the 1949-56 price-quantity re-
lationships (table 15). (The anticipation of the changes 
in wholesale prices during 1953 and 1954 also may have 
Retail price Live price differences base 
IVB IA IB IA IIIB I1IO price 
- 2.4- 2.1 0.1 0.1 -1.4 -1.2 0.6 
- 2.1 1.4- -1.5 0.3 -1.4- -1.3 0.4-
- 0.8 1.6 -1.7 0.6 -0.7 -0.6 -0.7 
- 5.0 0.5 -7.8 0.5 -3.7 -2.9 -2.0 
- 5.1 0.5 -6.2 0.0 -4.6 -3.5 -l.3 
- 3.9 2.1 -4.5 0.9 -2.8 -2.1 2.1 
- 5.6 :i.9 -5.5 1.1 -3.1 2.6 4.1 
-10,4 2.4 -8.9 0.9 -8.5 -6.2 0.8 
been related to inventory operations of meat packers and 
errors in short-term supply expectations.) Moreover, 
consumer resistance to pork may have increased sharply 
during 1957 and 1958, which was not explained entirely 
by the probable shift in income expectations of con-
sumers. The widespread consumer aversion to certain 
attributes of pork, as revealed in studies of consumer 
preferences, may have become more pronounced since 
the end of calendar year 1956. Thus, during the first 
quarter, 1958, market prices were overestimated by as 
much as 9.5 cents. 
Observed residual terms for the three pork price equa-
tions also varied periodically, particularly with respect 
to live and wholesale prices. Again, the peaks or troughs 
were about 4 years apart, but in addition the 4-year 
cycle was superimposed on a longer cycle of variations. 
Thus, when predicted beef prices overestimated actual 
beef prices, predicted pork prices also overestimated 
actual pork prices. During the 1950-54 period, how-
ever, predicted pork prices underestimated actual prices 
more frequently and more intensely than during the 
terminal years in the 10-year period. 
One of the two components of the periodicity in pork 
price also may be related to the periodicity in pork pro-
duction. Similarly, the other component may be re-
lated to (1) the income readjustments of 1948-49 and 
(2) the existence of price controls during most of 1951, 
1952 and the first months of 1953. Both beef and pork 
prices were overestimated during these periods. Hence, 
price controls probably maintained live and wholesale 
prices below the levels they would have achieved if the 
available quantities of beef and pork were to have just 
cleared the markets without price control. A more pre-
cise estimate of price-quantity relationships would ac-
count for the change in market relationships because of 
the governmental policy with respect to the prices of 
beef and pork. 
Finally, the standard errors of forecasts were com-
TABLE 15. COMPUTED RESIDUAL TERMS FOR SELECTED PREDICTION EQUATIONS SHOWING DISCREPANCY IN CENTS OF REPORTED 
FROM PREDICTED PORK PRICES AT THE RETAIL. WHOLESALE ANDl'RIMARY MARKET LEVEL, BY QUARTER-YEARS, 1957-58. 
Year and 
quarter-yea .. 
1957 
IA 
January-March ................ : 32 .. 93 April-Jllne ....................... . 
JUly-September ............... 0.2 
October-December .......... - 7.9 
1958 
January-March ................ - 9.5 
April-June .......................... - 4-.1 
July-September ........... _.... - 2.3 
October-December .......... -11.9 
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Whol".alc ,,..icc difference. 
IIA lIB IlIA 
- 3.9 -5.1 - 2.6 
- 0.6 0.1 0.7 
3.0 5.3 4.3 
- 6.8 -5.3 - 6.3 
- 8.4- -5.9 - 7.9 
-1.1 2.6 0.5 
1.4- 5.7 2.2 
-11.3 -5.5 -14.1 
Wholesale price base Retail 
Retail price Live price differenc.s market base 
IVB IA IB IA lIIB I1IO price 
3.4- -1.4- -2.1 -1.5 0.6 0.2 
- 0.8 8.5 2.0 -0.3 -0.4 4.0 3.3 1.6 
13.7 3.2 4-.0 -0.5 6.3 5.2 6.5 
7.4- 1.0 -3.9 -0.1 2.1 1.6 
- 0.9 
0.3 0.11 -7.1 -1.7 -0.5 -0.3 0.7 
6.8 0.0 -3.0 -0.5 3.5 3.0 6.4-
8.1 1.4- 0.5 -0.2 4.0 3.4- 11.3 
- 2.8 0.3 8.3 0 -1.6 -2.3 2.6 
puted for the beef and pork price relations at each of 
the thiee market levels (5). It was assumed that the 
explanatory variables were estimated without error, 
hence only the dependent variable would be subject to 
error (because of the exclusion of certain variables). 
Standard errors of forecast were obtained for se-
lected quarters in 1957; these did not exceed 2.8 cents. 
The standard error of forecast for wholesale beef price 
was 2.8 cents during the second and third quarters of 
1957, but for live and retail prices the standard error 
of forecast was only 1.4 and 1.2 cents, respectively. The 
standard error of forecast for wholesale pork price was 
2.2 cents, while it was 1.9 and 0.9 cents, respectively, 
for live and retail prices.. Thus, the largest standard 
error of forecast, in relation to the forecast price, was 
obtained at the primary market level for hogs, where 
the standard error ranged from 9 to 12 percent of the 
forecast price during the first three quarters of 1957. 
Forecasts of beef and pork prices may be obtained 
for any quarter, given the quantity of beef and pork 
at that market level. Thus, if it were known that during 
the first quarter of 1959 per capita quantities of beef 
and pork would be the same as during the first quarter, 
1958, and the 1949-56 market relationships were to ap-
ply also to the 1959 market situation, then only the trend 
effect on prices would differ in the two forecasts. The 
effect of random disturbances, however, would result in 
forecast errors, but the random effect would be estimated 
within specified degrees of confidence. Hence, the ac-
curacy of the price forecasts for the first quarter, 1959, 
would depend upon accurate estimates of beef and pork 
quantities, existence of the 1949-56 market relationships, 
and the random occurrence of the additional events af-
fecting beef and pork prices. 
USES AND LIMITATIONS OF THE 
FORECASTING METHODS 
The estimates of the market price relationships were 
based on several assumptions or conditions regarding 
the nature of the explanatory variables included in each 
of the forecasting equations. The explanatory variables 
-quantity, income, time or price-were pre-determined 
with respect to the dependent variable. The error terms, 
presumably, were independent of the explanatory vari-
ables and of the error terms in other equations used to 
estimate one or more of the explanatory variables. Thus, 
at least one set of equations for each of the three market 
levels was quite adequate in forecasting quarterly 
changes in the market prices of beef cattle and hogs, or 
beef and pork. Yet, no adequate tests were available to 
select the best set of forecasting equations, or to establish 
the reliability of the forecasts for quarterly time periods 
beyond the 1949-56 period. 
The use of the estimated price relationships would 
require careful preparation of the necessary quantity, 
income arid price series. Total quantity data must be 
converted to a per capita basis. Hence, estimates of the 
total population are needed. Moreover, the price and 
income series must be adjusted to a constant dollar basis. 
Hence, the Consumers' Price I?dex is required for each 
quarter. T~e explanatory vanables actually. cannot be 
estimated WIthout error for any forecast penod. Thus, 
each of the estimated values probably would involve 
some revision on an ex post basis. 
The steps involved in the preparation of the basic data 
to make the price forecasts are numerous. They would 
include: (1) collection of quarterly series on commercial 
beef and pork production; end-of-quarter cold storage 
holdings of beef and pork; consumption from total com-
mercial supplies; consumption from total civilian sup-
plies; total population-including total domestic and 
total civilian domestic populations adjusted for under-
enumeration; retail beef, pork and poultry prices; whole-
sale beef and pork prices, including the value of beef and 
pork by-products; beef cattle and hog prices; seasonally 
adjusted disposable personal income at annual rates; and 
the Consumers' Price Index; (2) derivation of the ad-
justed price, quantity and income series; (3) computa-
tion of predicted prices, first at the wholesale or retail 
levels, then at the remaining two market levels; and 
( 4) evaluation of the predicted prices and the differences 
between reported and predicted prices using one or more 
of the forecasting equations at each of the three market 
levels. 
Improved price forecasting preocedures would result 
in several obvious benefits. First, accurate industry-wide 
price forecasts could reduce uncertainties in decision-
making at both the production and marketing levels in 
the meat-livestock economy. Livestock producers could 
observe the expected results of changes in the quarterly 
rates of livestock marketings on beef cattle and hog 
prices and, consequently, make profitable changes in pro-
duction and marketing plans. Forecasts of changes in 
the average level of beef and pork prices at the whole-
sale and retail levels could assist processors in achieving 
economies through production scheduling and inventory 
control. Furthermore, forecasts of the pattern of price 
changes among the three market levels could be informa-
tive to the citizen and the public servant in showing the 
industry-wide effects of changes in one or more of the 
major price determinants. 
The forecasting procedures show quite simply the ag-
gregative behavior of the livestock and dressed meat 
markets during the lO-year period following World War 
II. Despite the numerous steps involved in the prepara-
tion of the basic series and despite the pitfalls inherent 
in the use of historical relationships to forecast the course 
of future events, the relative simplicity of the procedures 
and the accuracy of the results attest to their potential 
usefulness. The average change in wholesale pork prices 
during any quarter in 1959, for example, may be fore-
cast quite accurately, given the average quarterly levels 
of beef and pork production, end-of-quarter cold storage 
holdings and disposable personal income. Thus, given a 
15-percent increase in per capita commercial pork pro-
duction for the fourth quarter, 1958, over the fourth 
quarter, 1959, and no change in per capita beef produc-
tion, but a 2-percent increase in per capita income, the 
live price of hogs probably would decrease about 6.5 
cents per pound, based on the prediction equations. The 
predicted fourth quarter, 1958, price was 20.1 cents per 
pound liveweight.9 
The predicted live price was obtained in two steps. 
·Confidence limits on the p'redicted value. could be computed following 
the "rocedure cited by Fox (5). 
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First, the change in the predicted wholesale price was 
computed using wholesale price equation IVB. The es-
timated fourth quarter, 1958, wholesale price was ob-
tained from the data in table 2 and table 15: 
PH - U4t = P4b or 36.7 - (-2.7) = 39.4 cents in con-
stant 1947-49 dollars. The change in price from the 
fourth quarter, 1958, to the fourth quarter, 1959, was 
derived using the data in table 6: P4t = -1.37(0) 
-4.34(2.25) + 0.133(30) -0.98(4) = -9.59. Thus, 
the predicted wholesale price for the fourth quarter, 
1959, was 29.8 cents per pound in constant dollars, given 
a 15-percent increase in the per capita wholesale quantity 
of pork. In other words, the slaughter of an additional 
3 million head of hogs, given a total population of 175 
million and an average pork yield of 133 pounds per 
hog, would be equivalent to an additional 2.25 pounds 
of pork per capita. If cold storage holdings during the 
fourth quarter were assumed to remain at the 1958 
levels, the change in commercial production would be 
identical to the change in wholesale quantity. Further-
more, the 2-percent increase in per capita disposable 
income would be equivalent to about $30 in constant 
1947-49 dollars. Since the change occurred over a 4-
quarter period, only the trend effect would be relevant 
in accounting for the shift in tastes. 
Live price equation IIIB was used to forecast the 
effect of the change in the estimated wholesale price 
on the average live price of 200-220 pound barrows and 
gilts at Chicago (see table 8). The estimated live price 
for the fourth quarter, 1958, was 16.9 cents; i.e., 
P2t - U~t = P2b or 15.3 - (-1.6) = 16.9 cents in con-
stant 1947-49 dollars. Therefore, the predicted fourth 
quarter, 1959, live price is 11.7 cents per pound based 
on a predicted price change of -5.2 cents; i.e., 
0.54(-9.6) + 0.38(0) = -5.2 cents in constant dollars. 
Moreover, if a Consumers' Price Index of 125 were as-
sumed for the fourth quarter, 1959, then the predicted 
live price would equal 14.6 cents per pound for 200- to 
220-pound barrows and gilts at Chicago. Thus, the ef-
fects of the given per capita changes in commercial pro-
duction and consumer income were converted into a 
predicted change in the live price of hogs. 
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